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@ Carbonylation of epoxides. 



@ The invention relates a process for the carbonylation of epoxides by reaction with carbon monoxide at 
elevated pressure and temperature in the presence of a catalyst system comprising a source of cobalt and a 
hydroxy substituted pyridine compound, whereby ;S-propiolactones and/or derivatives thereof, such as j8- 
propiolactone polymers. ^S-hydroxy carboxyllc acids and esters, and /8-alkoxy carboxylic acids and esters, are 
produced. 
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This Invention relates to a process for the carbonylation of epoxides using a cobalt catalyst. 

It is known that epoxides may be carbonylated by reaction with carbon nnonoxide. The primary product 
of the carbonylation reaction is a ;S-propiolactone formed by insertion of a carbonyl group into a carbon 
oxygen bond of the oxirane group of the epoxide. Secondary products, such as /3-propiolactone polymers. 
5 3-hydroxycarboxylic acids and esters, and acrylic acids and esters, may also be formed directly or 
indirectly under specific conditions due to the reactive nature of the primary /S-propiolactone product. 

According to GB-A-1 020575 the carbonylation reaction requires the presence of a catalyst, preferably a 
cobalt catalyst such as a cobalt carbonyl. Using ethylene oxide as substrate, ^S-propioIactone is obtained as 
primary product, whereas the presence of metal or quaternary ammonium halides promotes the formation of 
10 ^-propiolactone polymer. The tendency of 1 ,2-epoxides to homopolymerise may be diminished by adding a 
small proportion of a base, such as pyridine, to the reaction mixture. 

A process for the preparation of a 3-hydroxyproplonate ester by conducting the carbonylation In the 
presence of an alcohol is disclosed by US-A-3260738. This process uses a cobalt carbonyl catalyst, which 
preferably is modified by a tertiary phosphine or tertiary amine co-catalyst, including N-heterocycles such 
75 as pyridine and methylpyrldine. A similar process is disclosed by Y. Kawabata. et al., in Nippon Kagaku 
KaishI, (5). 635-40 (1979). 

US-A-2782226 discloses a process wherein the carbonylation is conducted in the presence of water. 
The ethylene glycol monoester of 3-hydroxypropionlc acid as end product is obtained through the addition 
of a further ethylene oxide molecule to the Intermediate 3-hydroxypropionic acid reaction product. Cobalt on 
20 kieseiguhr is used as catalyst. 

US-A-4209467 discloses catalyst sytems comprising cobalt and a hydroxy substituted pyridine com- 
pounds, which are used in the hydroformylatlon of olefins to aldehydes. 

Whereas the prior art shows the feasibility of the carbonylation technology for preparing the 
propiolactones and derivatives, the exemplified catalyst systems leave room for improvement in terms of 
25 achievable selectivity and reaction rate in order to arrive at an industrially competitive process. The present 
Invention aims at providing such Improvement. 

It has now been found, that the known process is substantially improved, if use is made of a specific 
catalyst system comprising a source of cobalt in conjunction with a hydroxy substituted pyridine compound. 
As compared with the previously used unsubstituted pyridine, the present invention provides a much higher 
30 selectivity to the ^-proplolactone product. When using a preferred 3-hydroxy substituted pyridine com- 
pound, the carbonylation reaction additionally proceeds at a dramatically increased rate. 

The metal component of the catalyst system to be used according to the invention is a conventional 
cobalt catalyst. It may be introduced into the reaction In the form of any source of cobalt, which Is 
converted into the catalytically active species under carbon monoxide pressure applied in the process. A 
35 very suitable source of cobalt Is constituted by dicobalt octacarbonyl and/or other cobalt carbonyls. Cobalt 
salts, such as cobalt acetate may be used as catalyst precursor, as they will be readily carbonylated under 
the carbon monoxide pressure. When adding finely-divided cobalt metal to the reaction mixture for 
preparing cobalt carbonyls in situ, careful control of temperature will be required for avoiding undesired side 
reactions. Generally, the cobalt catalyst or precursor will be soluble in the reaction medium. However, the 
40 catalyst may also be used in a heterogenised form, what would allow for a gaseous reaction medium. The 
cobalt source may be added in the form of a pre-formed complex with the required pyridine compound. 

The further component of the present catalyst system is a pyridine compound carrying at least one 
hydroxy substituent. The expression "pyridine compound" is meant here to encompass any compound 
comprising the pyridine nucleus, i.e. a six-membered heteroaromatic ring containing an imino nitrogen 
45 atom. Therefore, multi-ring compounds such as quinoline and 4.4'-bipyridyl can be used when having a 
hydroxy substituent. Besides the essential hydroxy substituent, the pyridine ring may carry further 
substituents. which do not interfere with the carbonylation reaction. 

Representative examples of suitable hydroxy substituted pyridine compounds include 2-hydrox- 
ypyridine, 3-hydroxypyridine, 4-hydroxypyridine, 3,4-dihydroxypyridine. 3-hydroxyquinoiine. 4-hydroxy-2- 
50 methylpyridine. and 3-hydroxy-4-methylpyridine. The best results were obtained using 3-hydroxy substi- 
tuted pyridine compounds, which therefore are preferred, in particular 3-hydroxypyridine. 

The ratio of hydroxy substituted pyridine compound to cobalt in the present catalyst systems is not 
critical and may vary within wide limits. Practical ratios are in the range of from 0.5 to 20 moles of hydroxy 
substituted pyridine compound per gram atom of cobalt, with ratios in the range of from 1 to 5 moles of 
55 hydroxy substituted pyridine compound per gram atom of cobalt being preferred. 

The substrates being subjected to carbonylation in accordance with the present invention are epoxides 
as derivable by addition of an oxygen atom to an olefinic double bond to form an oxirane ring. The oxirane 
ring may be substituted with alkyi groups, as in propylene oxide, or other groups, as in styrene oxide. 
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Preferably, the epoxide substrate is an 1 ,2-epoxide, in particular an optionally substituted 1 ,2-epoxyalkane. 
Representative epoxides Include ethylene oxide, propylene oxide, styrene oxide. 1 ,2-epoxyhexane, and 1,2- 
epoxyoctane. 

When the epoxide is reacted with carbon monoxide In the absence of further reactants, the primary 

5 product is a /S-propiolactone, which may be substituted at the a- and/or jS-position, if the starting epoxide 
constitutes a substituted oxirane. For example, /S-butyro lactone [/8-methyl-;8-propiolactone or 2-oxo-4- 
methyloxetane] is obtained as product of the carbonylatlon of propylene oxide, whereas iS-propiolactone is 
the product of the carbonylatlon of ethylene oxide. Due to the tendency of jS-propiolactones to polymerise, 
the reaction mixture may contain a certain proportion of /S-propiolactone polymer, the amount of which 

10 slowly Increases upon standing. If desired, the direct yield of polymer may be increased by the addition of 
promoters to the reaction system. Examples of such promoters are metal halldes and quaternary ammo- 
nium halldes, which may be used in a proportion of from 0.10 to 5.0 %wt of the epoxide. 

The carbonylation reaction is conveniently conducted in the liquid phase. If the epoxide substrate and 
lactone product are liquid, there is no need for using a separate solvent. However, the use of a separate 

76 solvent may be convenient and preferred for practical purposes, for example in connection with product 
recovery. Suitable solvents include moderately polar aprotic solvents, in particular ethers such as diglyme 
(2,5,8-trloxanonane), diphenylether, THF and anisole. Protic solvents such as alcohols are usable, but may 
participate in the reaction to yield other products. 

The temperature and pressure for the carbonylation reaction are not critical and may vary within wide 

20 limits. It Is an advantageous feature of the invention that the reaction may be conducted at mild conditions. 
Very suitable temperatures are in the range of from 50 to 150 'C, more suitably from 60 to 100 'C. At 
lower temperature the reaction may be unduly retarded, whereas higher temperatures may induce the 
formation of secondary derivatives. Typical pressures are below 150 bar, as higher pressures would Involve 
excessive equipment cost. Preferred pressures are in the range of 20 - 100 bar. 

25 The ^-proplolactone product can be recovered as such using conventional separation technology. It 
may also be recovered in the form of its polymer. Comprising a strained four-membered ring, the optionally 
substituted ;S-propio!actones obtained readily undergo ring cleavage reactions. They may thermally poly- 
merise to form polyesters of the AB-type. Reaction with alcohols under acidic conditions provides j8-alkoxy 
carboxylic acids, whereas under alkaline conditions /8-hydroxy carboxyllc esters are obtained. By the use of 

30 sodium alkoxylates as alkaline material /S-alkoxy carboxylic esters are directly accessible. Reaction with 
water provides ^-hydroxy carboxylic acids. 

Moreover, the jS-propiolactones. particularly when substituted at the /3-position, or their polymers, show 
a marked tendency to dehydration to yield acrylic type of products. For example, it is known that ^S-lactone 
polymers on pyrolysis at temperatures of from about 180 to 250 'C in the presence of a polymerisation 

35 inhibitor give good yields of a,)S-unsaturated carboxylic acids. When heated with an alcohol in the presence 
of a dehydrating agent, a.^S-unsaturated esters can be made. 

Accordingly, the present ^S-propiolactone products constitute versatile precursors to various jS-propiolac- 
tone derivatives, which in turn are useful and find application as chemical solvent or as intermediate for 
further chemical derivatives or polymers. 

40 According to an advantageous feature of the present invention, such derived products may directly be 
produced by conducting the present carbonylation in the presence of a suitable coreactant such as a 
hydroxy compound. For example, when using an alcohol as coreactant, the product of the carbonylation 
reaction is a /3-hydroxy carboxylic ester, and using water as coreactant a ^-hydroxy carboxylic acid is 
obtained. For example, the reaction of ethylene oxide with carbon monoxide and methanol in the presence 

45 of a catalyst system comprising cobalt carbonyl and 3-hydroxypyridine yields the methyl ester of 3- 
hydroxypropionic acid with excellent selectivity. It will be appreciated that a coreactant such as an alcohol 
may also act as the solvent for the reaction. 

The Invention will be further illustrated by the following examples. 

50 Examples 1-4 and Comparative Example A 

Each time a 250 ml stainless-steel autoclave was charged with 10 ml ethylene oxide, 40 ml diglyme, 1 
mmol dicobalt octacarbonyl [Co2(CO)8] and 4 mmol of a pyridine compound as indicated, under exclusion 
of ambient oxygen. Then the autoclave was pressurised with 60 bar of carbon monoxide and heated for the 
55 Indicated periods at the indicated temperatures. At the end of the reaction period, the autoclave was cooled 
and a sample of Its content was analysed by standard gas liquid chromatography (GLC) and NMR. The 
results of the experiments are summarised in Table 1 below, wherein the conversion is expressed as the 
percentage of ethylene oxide being converted, the selectivity represents the molar percentage of fi- 
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propiolactone formed relative to the total amount of converted ethylene oxide, and the turnovers represent 
the reaction rate expressed as mol of ethylene oxide converted per gram atom of cobalt per hour. 

Table 1 



Ex. No. 


pyridine compound 


t(h) 


TCC) 


con version, (%) 


selectivity*) (%) 


turnovers 
(mol/gr at Co/hour) 


1 


3-hydroxypyridine 


3 


60 


100 


> 98^) 


33 


2 


3-hydroxypyridine 


1 


75 


100 


> 98 


100 


3 


3-hydroxypyrjdine 


0.5 


80 


100 


> 98 


200 


4 


4-hydroxypyridlne 


10 


75 


81 


> 98 


10 


A (comp) 


pyridine 


6 


75 


33 


50 


8 



*) on standing at room temperature the initially formed lactone, as determined by ^^C NMR, is 
slowly converted to polyhydroxypropionate; on Injection in GLC pyrolysis to acrylic acid takes 
place. 

trace of aldehyde. 



20 It is seen that the selectivity of the carbonylation reaction Is much increased by the use of a catalyst 
system as proposed by the present invention when compared with the use of pyridine according to the prior 
teaching. It is also seen that the preferred use of a 3-hydroxy substituted pyridine compound concomitantly 
enhances the reaction rate when comparing examples 2. 4 and A conducted at the same temperature. 

25 Example 5 

Using the general procedure of Example 1, an autoclave was charged with 20 ml propylene oxide, 40 
ml diglyme. 2 mmol of dicobalt octacarbonyl and 4 mmol of 3-hydroxypyridine, and pressurised with 60 bar 
carbon monoxide. After heating for 6 hours at 75 • C, 93 % conversion of propylene oxide was observed 
30 with a selectivity of > 90 % into j8-butyrolactone (2-oxo-4-methyloxetane). 

Example 6 

Using the general procedure of Example 1, an autoclave was charged with 10 ml isobutylene oxide. 40 
35 ml diglyme, 2 mmol of dicobalt octacarbonyl and 4 mmol of 3-hydroxypyridine, and pressurised to 60 bar 
carbon monoxide. After heating for 10 hours at 75 'C. 60 % conversion of isobutylene oxide was observed 
into 3-hydroxy-3-methylbutanoic acid lactone (2-oxp-4,4-dimethyloxetanej according to ^^C NMR. which was 
pyrolysed into 3-methyl-2-butenojc acid upon injection into GLC. 

40 Example 7 



Using the general procedure of Example 1. an autoclave was charged with 30 ml ethylene oxide, 100 
ml diglyme. 2 mmol dicobaltoctacarbonyl and 4 mmol 3-hydroxypyrldine, and pressurised to 60 bar carbon 
monoxide pressure. After heating for 4 hours at 75 'C, conversion of ethylene oxide was found to be 
45 virtually complete. Upon standing at room temperature for 13 hours a precipitate was formed, which was 
isolated by filtration and washed with methanol to yield 23 g of poly-3-hydroxypropionate, [-O-CH2-CH2-C- 
( = 0)-]„ according to ^^C NMR. 

Example 8 

50 

Using the general procedure of Example 1, an autoclave was charged with 10 ml ethylene oxide, 40 ml 
methanol, 1 mmol dicobalt octacarbonyl and 4 mmol 3-hydroxypyridine, and pressurised with 60 bar carbon 
monoxide. After heating at 75 'C for 4 hours and analysis by GLC, 96 % of ethylene oxide was found to 
have been converted into methyl 3-hydroxyproplonate with a selectivity of 97 %. 
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Claims 

1. A process for the carbonylation of epoxides by reaction with carbon monoxide at elevated pressure and 
temperature in the presence of a catalyst system comprising a source of cobalt and a hydroxy 

5 substituted pyridine compound. 

2. A process as claimed in claim 1 , wherein the hydroxy substituent is in the 3-position. 

3. A process as claimed in claim 2, wherein 3-hydroxypyridine is used. 

10 

4. A process as claimed in any one or more of claims 1-3, wherein the epoxide is an 1,2-epoxide. 

5. A process as claimed in claim 4, wherein 1 .2-epoxide is ethylene oxide or propylene oxide. 

75 6. A process as claimed in any one or more of claims 1-5, wherein a /S-propiolactone is produced as the 
primary carbonylation product. 

7. A process as claimed in any one or more of claims 1-5, wherein a j8-propiolactone polymer is 
produced, by conducting the carbonylation in the presence of a polymerization promoter. 

20 

8. A process as claimed in any one or more of claims 1-5, wherein a /8-propiolactone derivative is 

produced. 

9. A process as claimed in claim 8, wherein the carbonylation is conducted in the presence of a hydroxy 
25 compound selected from water and alcohols. 

10. A process for the preparation of a. ^-unsaturated carboxylic acids or derivatives thereof by car- 
bonylation of an epoxide in the presence of a cobalt-containing catalyst to form a jS-propiolactone or its 
polymer and subsequent dehydration of the ;8-propiolactone or its polymer, characterised in that a 

30 catalyst system further comprising a hydroxy substituted pyridine compound is used. 
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